T he effects of heat stress on growth performance have been well documented in all species. Decreased feed intakes, gains, and in some cases reduced feed efficiency have been noted (Heitman et al., 1958; Esmay and Dixon, 1986; Hahn et al., 1987) . Recently, with the increased interest in animal growth modeling, it has become apparent that the effects of heat stress need to be more closely characterized.
The effect of heat stress on body composition has become more important, as many U.S. producers now receive premiums for lean meat. However, the effects of high environmental temperature on body composition are not clearly defined. Research results seem to be conflicting. Some research indicates that warm environments tend to decrease carcass fatness (Verstegen et al., 1978; Straub et al., 1976; Nienaber et al., 1987) while others conclude that carcass fatness increases in warm environments (Myer and Bucklin, 1997; Christon, 1988; Holmes, 1971; Sugahara et al., 1970) .
Consideration of genetics and dietary influences may help to explain the apparently conflicting carcass results observed in warm environments. Using a single diet and moderate growth genetics, Nienaber et al. (1987) found carcass lean to increase and fat to decrease with increasing temperature. More recently, Nienaber et al. (1997) compared the genetic effects of heat stress using one dietary treatment (corn-soybean meal diet 15.1% crude protein, 3.26 Mcal/kg ME) across all environmental and genetic treatments. Results similar to the previous study were found in the moderate lean growth line; percent fat decreased and percent protein increased as environmental temperature increased. However, the high lean growth line had the opposite response; percent fat increased and percent protein decreased as environmental temperature increased. The authors noted a possible dietary interaction. The increased lean-gain potential of the high-lean-growth genetics would require a higher ideal protein (dietary protein that is supplied with the same amino acid profile in the feed that is required for the animal to grow) level than the moderate lean genetic line.
Possible dietary imbalances occur with a decreased feed intake under heat stress conditions. As feed intake decreases, so does protein intake, which could lead to a protein deficiency and thus a restriction in lean tissue deposition. However, decreases in feed intake directly result in decreases in growth, thus the need for dietary protein is also decreased. Lopez et al. (1994) conducted a study to test the effects of increased protein density on growth performance and carcass characteristics of finishing swine housed in a thermoneutral or hot environment. They found increasing dietary lysine from 0.6% to 1% lysine had no effect on the pigs housed at thermoneutral. However, under hot conditions, the increased dietary lysine (1% lysine) improved performance and increased carcass leanness when compared to controls (0.6% lysine). Stahly et al. (1979) found that insufficient dietary lysine intake in growing swine subjected to high temperature increased fat deposition and decreased protein deposition. Myer and Bucklin (1997) found increasing dietary lysine (under summertime conditions in Florida) tended to lower backfat thickness. Turner et al. (1997) noted that the response in lean growth related to increased protein density is dependent upon the genetic potential for lean tissue gain and the environmental conditions of each individual experiment.
Feed restriction itself can change the growth rate and carcass composition. Haydon et al. (1989) showed limitfed pigs under thermoneutral conditions linearly decreased growth rate as feed intake decreased. In addition to slowing growth, limit feeding changed the carcass composition by increasing protein and decreasing fat percentage in the carcass. Reduced feed intake is one of the main effects of heat stress; this factor is confounded in most heat stress studies. Possibly this reduction in feed intake and its severity could have had an influence on the composition results of previous studies.
OBJECTIVES
The objectives of this experiment were to: 1. Compare the effects of heat-stress induced feed restriction against an equivalent feed restriction at thermoneutral conditions on whole body composition of finishing barrows. 2. Determine feeding behavior for lean barrows at thermoneutral and high environmental temperatures, while maintaining daily lysine intake.
MATERIALS AND METHODS
Sixty lean crossbred MARC barrows (Yorkshire × Landrace), with an average initial weight of 65.2 ± 0.5 kg, were used in two blocks. The pigs were selected and assigned to one of five environmentally controlled chambers on the basis of weight, backfat, and litter (where no two pigs from the same litter were selected for the same chamber). Five additional animals in each block were selected on the same basis for the initial slaughter group. Each chamber had six individual pens, 1.16 × 1.18 m, with a woven metal mesh floor. Chambers were randomly assigned one of five treatments as described below.
Pigs subjected to the control treatment (control) were housed at 18°C and had ad libitum access to feed. Each individual pen was equipped with a weighing feeder. Feeder weight and feeder lid status were recorded every 30 s to determine meal size, duration, and frequency over the entire finishing period. To adjust daily intakes, waste feed was collected under the feeder and weighed daily. The intake of the control treatment served as the basis for computing target intakes of the other treatments.
Pigs subjected to the heat stress treatments (13% HS, and 26% HS) also had ad libitum access to feed via a weighing feeder. The pigs subjected to these treatments had daily feed intakes thermally restricted by approximately 13 and 26% of the control treatment feed intake on a per kilogram (kg) body weight basis. The temperature-imposed restrictions were maintained by manually adjusting chamber temperatures ± 0.1 to ± 0.5°C each day.
Pigs subjected to the manually restricted treatments (13% TN, and 26% TN) were housed at a constant 18°C. These pigs were fed the average of the respective heat stress treatments with a two-day lag period. Heat stress treatment intakes were dropped from the average if they were two standard deviations lower. This was done to prevent sick animals from impacting the feed intake mean. The feed was presented to the manually restricted treatments in two meals per day (0700, and 1530 h) in trough feeders.
Pigs in this study, weighing between 50 and 100 kg, had a genetic potential for a daily weight gain of 1.03 kg/d, average daily feed intake of 3.21 kg/d, gain/feed ratio of 0.31, and a daily protein gain of 160 g/d when fed 0.60% digestible lysine and 3.38 Mcal/kg ME . All pigs had ad libitum access to water at all times. They were subjected to a 12L:12D lighting regime with lights on at 0600 h. The relative humidity was approximately 55% and the air movement over the animals was minimal (< 0.15 m/s) for all treatments. This study was conducted in accordance with good husbandry practices and under the guidance of the MARC animal care and use committee.
The diets were formulated on an ideal protein basis to meet NRC requirements (NRC, 1988) (see table 1 ). Formulating on an ideal protein basis reduces excess protein in the diet, reduces excreted nitrogen, and lowers the heat increment. The ratios of apparent digestible amino acids to lysine were as follows: theronine, 62%; tryptophan, 17%; methionine and cystine, 65%; histidine, 32%; valine, 68% (Baker, 1997) . All other amino acids met or exceeded the required amount. The lysine (ideal protein) requirement for the control pigs was determined in a preliminary nitrogen balance study . To maintain similar daily ideal protein intakes across treatments, the 13% restricted groups received a diet fortified with 113% ideal protein and the 26% restricted groups received a diet fortified with 126% ideal protein (see tables 1 and 2).
During the experiment, pigs were weighed weekly and backfat measurements were obtained bi-monthly. The backfat measurements were taken with an Equisonics EQ-300 Real Time Ultrasound Scanner. Backfat was measured at three points: shoulder, 10th rib, and last lumbar, all 5 cm off the centerline (BF1, BF2, and BF3, respectively).
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TRANSACTIONS OF THE ASAE Pigs were slaughtered at the MARC abattoir, a USDA inspected facility, when pig weights for a given treatment averaged 107.5 kg. Live weight, hot and cold carcass weights, backfats at the shoulder, tenth rib, and last lumbar were recorded. The hide was removed before carcass weights and backfats were recorded. All offal, blood, head, hide, feet, and leaf fat were collected. The carcass was split in half, and the left half was used for composition measures. The left half of the carcass and all offal were ground separately in a Weiler Grinder Model number 1109. Offal samples were ground once through a 1.27 cm plate and twice through a 0.64 cm plate, and a 1 kg sample was taken and frozen. Carcass samples were ground twice through a 0.64 cm plate and a 1 kg sample was taken and frozen. During the first block, samples were thawed and homogenized in a Waring commercial blender. Frozen samples from the second block were cut into 2.54 cm cubes and ground in a Jupiter Grinder through a 3.2 mm plate. Two 250 g samples from each carcass and offal sample were taken for analysis.
All samples of offal and carcass were analyzed for protein, ash, water, and fat by Platte Valley Labs, Inc., Gibbon, Nebraska, using procedures given in Helrich (1990) . Empty whole body animal composition was determined by mathematically combining the chemical composition of the offal and the carcass samples. Initial composition was determined by using the average initial slaughter group chemical composition and was adjusted for each individual beginning weight. Gains in total protein, water, fat, and ash were calculated by the difference between the initial calculated composition and the final composition. Daily component gains were calculated by dividing total gains by the number of days the animals were on trial. Whole body total and daily component gains are presented here; for carcass and offal component gains see Brown-Brandl, 1998 . Statistical analyses were completed on SAS (1985), using PROC GLM. Data were analyzed as a complete randomized block design, blocking on time and using individual pigs as experimental units. Total and component (protein, fat, water, and ash) whole body gains were analyzed using slaughter weight as a covariant. Daily feed intakes, number of meals, average duration of eating events, and rate of consumption were analyzed without a covariant. In all analyses, with the exception of feeding behavior parameters, contrast statements were used to test differences between the thermally induced restriction and manual restrictions at thermoneutral (13% HS vs 13% TN, and 26% HS vs 26% TN). Differences were judged to be significant if P-value was less than 0.05. Differences less than 0.1 are noted in the tables. Standard errors presented in the tables were used to test for main effects.
RESULTS
Actual chamber temperatures for the heat stress treatments can be found in figure 1 . The temperatures shown in figure 1 were taken from records recorded by the computer used for environmental control in the chambers and have been corrected, based on once a week readings taken with a psychrometer. The large drop and subsequent rise in temperature seen in the second block was due to a malfunctioning temperature sensor used by the computer that controls chamber temperature. The average corrected temperature of the 13% HS treatment was 23.7°C during block 1 and 26.3°C during block 2. Chamber temperatures for the 26% HS treatments were 28.22°C and 30.1°C during block 1 and 2, respectively.
Feed intake for the control treatment averaged 3.30 kg/d. The control group, 3.43 kg/d during block one and 3.16 kg/d during block two, had the largest difference in daily feed intake between blocks of any of the treatments. During the second block, the 13% HS pigs were exposed to an average temperature 2.6°C higher than during the first block; however, there was almost no difference in average daily feed intake (2.677 kg/d vs 2.680 kg/d) for block one and two, respectively. The same was true for the 26% HS group. During the second block the mean chamber temperature was 1.88°C higher, and the average daily feed intakes were essentially the same (2.383 and 2.372 kg/d) for blocks one and two, respectively. The feed intakes of the 13% TN were slightly different: block one, 2.808 kg/d, and block two, 2.737 kg/d. Slight differences in feed intake also were seen between blocks in the 26% TN group: block one, 2.453 kg/d versus 2.417 kg/d in block two. Because these groups were manually fed the desired intake, these differences were not due to the environment, but rather differences in HS treatments daily intakes after low intakes were dropped (see table 3 ).
The 13% HS group ate an average 18.8% less than the controls, while the average intake of the 13% TN group was 2.77 kg/d, 16% less than the controls. The 26% HS ate 27.8% less than the control group. The average intake of the 26% TN group was 2.43 kg/d or 26.4% less than the controls. There are slight differences in the heat stress and thermoneutral pair intakes because low intakes (two standard 989 VOL. 43(4): 987-992 * SEM n = 12. † SEM n = 72. ‡ SEM n = 528, 612, 720 (control, 13%, 26%, respectively). § Significantly different at the P < 0.05 level. B = block effect, T = treatment effect. || Significant contrast (P < 0.5). 13% = significant difference between 13% HS and 13% TN. # Trends noted, P < 0.1. deviations lower than average) from the heat stress treatments were dropped from the daily average when determining feed intakes for the thermoneutral groups.
Feeding behavior parameters were only measured on pigs that were fed ad libitum, therefore, no results were given for restricted feed 13% TN and 26% TN treatment groups. Number of meals per day and average meal size were significantly affected by treatment (TRT) and treatment by block interaction (TRT × BLK). Total and average meal duration, and rate of eating had significant effects of TRT, block (BLK), and TRT × BLK (see table 4 ).
The pigs in the first block consistently had higher daily gains than those in the second block: Control, There were no significant differences in daily gain between either the 13% treatment groups or the 26% treatment groups due to temperature. There was no significant treatment effect on efficiency, and neither the 13% treatment groups nor the 26% treatment groups were significantly different (see table 3 ).
Backfat measurements recorded by ultrasound had significant effects of BLK, TRT and TRT×BLK, (P < 0.05), except the backfat at the shoulder, which only had effects of BLK and TRT×BLK (P < 0.05). The 26% HS group had significantly more backfat at each of the three locations than the 26% TN group (P < 0.05). The 13% HS group had less backfat at the tenth rib than the 13% TN group (P < 0.05) (see table 5 ).
The trends found in backfats taken at slaughter were similar to those found in ultrasound measurements. Contrast statements showed 26% HS tended to have more backfat at the shoulder (P < 0.10), tenth rib (P < 0.05), and the last lumbar (P < 0.10) than the 26% TN treatment group. The backfat results suggest that a difference exists in carcass composition between the 26% HS and 26% TN, with the 26% HS having the higher fat content. Where 13% HS had less backfat at the tenth rib (P < 0.05) than 13% TN, other backfat measurements were not significantly different (P > 0.10).
Whole body composition was significantly affected (P < 0.05); total and daily water, fat, and protein gains exhibited a significant treatment effect (P < 0.05). Contrast statements showed that the 13% HS group gained significantly more daily water than the 13% TN group, 338 versus 288 g/d, respectively. The 26% HS group had significantly higher daily fat gain (248 vs 210 g/d, P < 0.05) and tended to have lower daily protein gain than the 26% TN group (93 vs 103 g/d, P < 0.10) (see table 6 ).
DISCUSSION
It seemed logical that heat stressed pigs would eat more frequent small meals to spread the associated increase in heat production over the day, and that was observed in this study. Data for number of meals per day were similar to other literature values for the control conditions (14.9, current; 16.2, Nienaber et al., 1997; and 14.0, Nienaber et al., 1996) . It was found that in the current study the average meal amount was 266 g for the controls, 206 g and 197 g for the 13% HS and 26% HS groups, respectively. These reductions in meal size do not show the same large reductions reported in Nienaber et al. (1997) , who reported meal amounts of 249 g for the control treatment and 128 g and 143 g for a similar heat stress level. This difference could be due to the feed used. In the current study, the diet used synthetic amino acids to set the first four limiting amino acid requirements, while Nienaber et al. (1997) used only intact protein.
In the current study, there was no significant difference in feed conversion between the treatments. However, in a similar study by Nienaber et al. (1997) * Significantly different at the P < 0.05 level. W = weight effect, B = block effect, T = treatment effect. † Significant contrast (P < 0.5). 13% = significant difference between 13% HS and 13%TN. 26% = significant difference between 26% HS and 26% TN. ‡ Trends noted, P < 0.1. * Significantly different at the P < 0.05 level. W = weight effect, B = block effect, T = treatment effect † Significant contrast (P < 0.05). 13% = significant difference between 13% HS and 13%TN, 26% = significant difference between 26% HS and 26% TN ‡ Trends noted, P < 0.1. ideal protein was not adjusted for heat stress restricted feed intakes, the high-lean-growth pigs required substantially more feed per unit of weight gain. This suggests that the increased concentration of ideal protein could improve efficiency of growth in pigs subjected to heat stress. However, this is confounded with intact versus ideal protein. Stahly et al. (1979) found that increasing protein improved feed conversion independent of protein source. However, Myer and Bucklin (1997) found no effect of lysine level on feed conversion.
Previous studies have shown that pigs in heat stress given adequate protein tend to have a higher percent carcass lean and a lower carcass fat than their counterparts raised in thermoneutral (Lopez et al., 1994; Stahly et al., 1979) . In the Nienaber et al. (1997) study, a similar trend was found in the effects on carcass composition of the moderate growth genetic line, but in the high-lean-growth line (fed the same diet), the pigs in heat stress conditions gained considerably more fat than their counterparts in thermoneutral, possibly due to a lysine deficiency. Comparing fat to protein ratios (F/P), the moderate lean growth line had F/P ratios of 3.96 at thermoneutral, slightly less for the 13% HS group (3.59), and a significant drop for the 26% HS group (2.41). While in the high-lean-growth line the F/P were 1.84 for the pigs at thermoneutral, 3.35 for the 13% HS group, and 2.58 for the 26% HS group. In the current study, F/P were similar for all treatments (control, 2.80; 13% HS, 2.58; 13% TN, 2.95; 26% HS, 2.91), with the exception of the 26% TN group, which had a F/P of 2.16. This suggests that the dietary manipulations employed in the current study may have been beneficial in maintaining the F/P ratio. However, adding supplemental protein to the restricted treatments did not maintain growth at levels equal to that of the control treatment.
The 26% HS group gained significantly more fat and tended to gain less protein than the 26% TN group. A difference in activity can partially explain the composition differences between the 26% HS and 26% TN group. Activity measurements are presented in a companion article (Brown-Brandl et al., 2000) . The 26% TN pigs had a significantly higher activity level than did the 26% HS group. This increase in activity increases energy utilization, which then decreases the excess energy used for fat deposition, thus decreasing fat gain.
The decrease in protein gain in the 26% HS group might be explained by energy cost associated with protein deposition. Protein deposition is less efficient compared with fat deposition (Blaxter, 1989) ; thus, protein deposition causes a larger thermal load. The decrease in protein gain in the 26% HS group could be due to a metabolic shift to minimize heat production and maintain thermal balance.
Care needs to be taken when applying these results to a swine facility. The current study was conducted under constant heat stress conditions, where in a swine facility the animals would be exposed to diurnal temperature patterns. Previous studies have found little or no difference in daily mean heat production, feed intakes, gains, meal size or meal duration (Feddes and DeShazer, 1988; Xin and DeShazer, 1992; Nienaber et al., 1989) , with the exception of widely varying cyclic patterns. However, the dynamics of thermoregulation, feeding behavior, and feed intake are different among cyclic and constant temperature patterns (Feddes and DeShazer, 1988; Xin and DeShazer, 1992) . This could, but not necessarily, change the metabolic pathways, thus changing the whole body composition results. Lopez et al. (1994) reported results similar to the current study under cyclic conditions.
CONCLUSIONS
Feeding behavior was found to change with temperature. The size of meals and total and average duration decreased with warm temperatures. The feeding behavior variables were in agreement with other literature data.
The higher fat content of the 26% HS treatment group compared with the 26% TN treatment group was partially attributed to a decrease in activity. The decreased protein deposition in the 26% HS group, as compared to the 26% TN, could be due to the need to maintain thermal balance for the heat-stressed animals. Protein deposition is less efficient than fat deposition, thus creating a larger heat load to dissipate.
Although the pigs under the two different restrictions (HS vs TN) had similar intakes and similar growth rates, the compositions of the animals at the 26% level were significantly different. These results indicate that the effects of heat stress are not due simply to a decrease in feed intake.
